ABSTRACT An experiment was conducted using male Ross × Ross 708 broiler chicks to determine the effect of oil extraction from corn distillers dried grains with solubles on apparent ileal amino acid digestibility from 23 to 31 d of age. On an as-fed basis, ether extract concentrations were determined as 5.4% (L-distillers dried grains with solubles), 7.9% (M-distillers dried grains with solubles), and 10.5% (H-distillers dried grains with solubles) for the 3 experimental distillers dried grains with solubles sources. Prior to experimentation, each sample (H-distillers dried grains with solubles (control), M-distillers dried grains with solubles and L-distillers dried grains with solubles) was analyzed on an as-fed basis for crude protein (29.2, 27.6, and 27.9%), starch (4.4, 5.2, and 6.1%), neutral detergent fiber (29. 
INTRODUCTION
Distillers dried grains with solubles (DDGS) is a coproduct from ethanol production of dry milling plants with about 40 million metric tons produced annually in the U.S. (Wisner, 2013) . This corn co-product is known to be an acceptable feed ingredient for poultry (Lumpkins et al., 2004) . High fat DDGS contains approximately 27% CP, 10% ether extract (EE), and 33% neutral detergent fiber (NDF) on an as-fed basis (NRC, 2012) . The ethanol industry has developed additional revenue by extracting 2 to 6% EE from DDGS for the production of crude corn oil. In extracting the oil in DDGS, EE concentration and AME n are reduced C 2015 Poultry Science Association Inc. Received May 6, 2014. Accepted October 30, 2014. 1 Mention of trade names or commercial products in this publication is solely for the purpose of providing specific information and does not imply recommendation or endorsement by Auburn University. 2 Corresponding author: bill.dozier@auburn.edu while concentrations of other nutrients tend to increase (Meloche et al., 2013) .
Amino acid (AA) digestibility of high-oil DDGS has been determined using both broiler chicks and adult roosters with high variability being observed among samples (Batal and Dale 2006; Adedokun et al., 2008; Kim et al., 2011) . Average Lys digestibility coefficients for high-oil DDGS have been reported to be in the range of 0.65 to 0.70 (Batal and Dale 2006; Fastinger et al., 2006; Kim et al., 2011) . Recently, Curry et al. (2014) determined that high-oil DDGS had higher AA digestibilities than moderate or low fat DDGS in pigs. Reducing oil content in DDGS may concentrate nonstarch carbohydrates and other nutrients, which could influence AA digestibility (Meloche et al., 2013) . Furthermore, the additional processing required to extract oil associated with reduced-oil DDGS may adversely affect nutrient availability (Kim et al., 2013; Meloche et al., 2013) . To our knowledge, AA digestibility of DDGS varying in EE content has not been reported using broiler chicks. The objective of this study was to determine AA digestibility of 3 DDGS samples varying in EE content fed to broilers from 23 to 31 d of age.
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MATERIALS AND METHODS
The Institutional Animal Care and Use Committee at Auburn University approved the use of live birds in this experimental protocol (PRN 2012 (PRN -2056 .
Broiler Husbandry
An experiment was conducted in broilers from 23 to 31 d of age. Four hundred thirty-two male Ross × Ross 708 (Aviagen Inc., Huntsville, AL) chicks were obtained from a commercial hatchery, received vaccines for Marek's disease, Newcastle disease, and infectious bronchitis and were placed into grower battery cages (12 per cage; Petersime, Gettysburg, OH). Each cage (68 × 68 × 38 cm) was equipped with a trough feeder and a trough waterer. The experimental facility was a solid-sided house with temperature control. Temperature was set at 33
• C at placement and decreased gradually with increasing bird age to 27 • C at the conclusion of the trial. A 23L:1D lighting schedule was used for the duration of the trial. Broilers were fed a common cornsoybean meal starter diet from placement to 22 d of age.
Dietary Treatments
Three DDGS samples were obtained from dry-grind ethanol plants having EE content of 5.43% (L-DDGS), 7.87% (M-DDGS), and 10.52% (H-DDGS) on an as-fed-basis (Table 1) . Three dietary treatments consisted of semi-purified diets containing 76% L-DDGS, M-DDGS, or H-DDGS (control) with DDGS as the sole source of AA ( Table 2 ). The inclusion rate of 76% for DDGS was chosen to achieve 20% CP content of the final diets (Adedokun et al., 2008 were randomly assigned to 1 of 3 dietary treatments. Each treatment was represented by 12 replications.
Measurements
Birds were placed on experimental diets at 23 d of age. Following an 8 d acclimation period, an apparent ileal AA digestibility (AIAAD) assay was conducted at 31 d of age. Eight birds per pen were euthanized via CO 2 asphyxiation and digesta were collected by gently flushing out the contents of the terminal ileum (from 4 to 30 cm proximal to the ileo-cecal junction) using deionized water. Samples were pooled by pen and kept on ice before being frozen at −20
• C for later analysis. Feed and digesta samples were lyophilized (Virtis Genesis Pilot Lyophilizer, SP Industries, Warminster, PA) and ground through a cyclone mill (Cyclotec model number 1093, Foss North America, Inc., Eden Prairie, MN) equipped with a 1 mm screen to ensure a homogeneous mixture. Complete AA content of the diets and digesta were analyzed by a commercial laboratory (University of Missouri Agricultural Experiment Station Chemical Laboratory, Columbia, MO) in quadruplicates for diets and duplicates for digesta (method 982.30 E (a,b,c) ; AOAC International, 2006) . Performic acid oxidation (method 985.28; AOAC International, 2006) was conducted before acid hydrolysis for the determination of Met and Cys, whereas all other AA were determined after acid hydrolysis. Titanium dioxide concentrations were determined in quadruplicates and duplicates for diets and digesta, respectively, by a method based on that of Leone (1973) .
Apparent ileal AA digestibility was calculated using the following equation (Adedokun et al., 2008) :
where TiO 2digesta and TiO 2diet represent the analyzed concentrations of TiO 2 in the digesta and diets (%, respectively), and AA digesta and AA diets denotes analyzed concentrations of AA in the digest and diets (%, respectively).
In addition, DDGS samples were analyzed in duplicate for proximate composition and gross energy (AOAC, 2006;  
Statistical Analyses
Data were analyzed as a randomized complete block design with cage location as the blocking factor. Each treatment was represented by 12 replications. Analysis of variance was performed using PROC MIXED (SAS Institute, 2009) by the following mixed-effects model:
where μ.. is the overall mean; the ρ i are identically and independently normally distributed random block effects with mean 0 and variance σ 2 ρ ; the τ j are fixed factor level effects corresponding to the j th DDGS source, and the random error ij are identically and independently normally distributed with mean 0 and variance σ 2 . Significantly different treatment means were separated using Tukey's Honestly Significant Difference test (Tukey, 1953) . Statistical significance was considered to be at P ≤ 0.05.
RESULTS AND DISCUSSION
Broilers fed diets containing L-DDGS and M-DDGS had, in general, lower (P ≤ 0.05) digestibility coefficients for Ala, Arg, Asp, Lys, Glu, Met, Pro, Ser, Thr, Trp, and Tyr compared with birds provided the diet formulated with H-DDGS (Table 3) . Broilers fed a diet containing M-DDGS had lower (P ≤ 0.05) digestible concentrations for Leu, Phe, Glu, Pro, Ser, and Tyr compared with birds receiving a diet having H-DDGS, but the converse (P ≤ 0.05) occurred for Arg, Met, and Trp. Broilers fed diets with L-DDGS had lower (P ≤ 0.05) digestible concentrations for Arg, Cys, Met, and Trp than birds given the diet supplemented with M-DDGS, but the opposite occurred for Ile, Leu, Phe, Glu, Pro, and Ser. Digestible concentrations for Lys were nearly identical for broilers fed diets supplemented with DDGS, regardless of source. This was due to the lower apparent ileal digestibility coefficients and the higher total Lys concentrations for the L-DDGS and M-DDGS sources.
In agreement with the research reported herein, Curry et al. (2014) reported higher digestibility coefficients for all indispensable AA with the exception of Trp for pigs fed diets containing a high-oil (11.5% ether extract) DDGS compared with pigs fed diets containing either moderate (7.5% ether extract) or low-oil (6.9% ether extract) corn DDGS. The low AA digestibility coefficients may relate to the oil extraction process in dry-grind ethanol production. Oil is extracted postfermentation from whole stillage or whole stillage and thin stillage through either a 1 or 2 step centrifugation process prior to drying (Winkler-Moser and Breyer, 2011) . The 2-step centrifugation process translates to reduced-oil DDGS in the range of 5.0 to 8.0% ether extract (Meloche et al., 2013) . The additional step to remove oil post-fermentation via centrifugation of the thin stillage or syrup may allow the exposure of AA in thin stillage to the mechanical process of drying, which may result in decreased AA digestibility of reduced-oil DDGS compared with high-oil DDGS. Fat content appears to be the primary difference in AA digestibility among the DDGS sources. However, these differences in AA digestibility among the 3 DDGS sources could be influenced by the corn source or variation in plant manufacturing procedures.
Dietary fiber, mucin turnover, dietary CP/AA, bird age, marker type, and gut health are factors that influence endogenous amino acid flow in poultry (Adedokun et al., 2011) . Kluth and Rodehutscord (2009) examined endogenous amino acid loss of broilers fed 2 diets varying in cellulose composition. Broilers fed the diets having cellulose content (7.5%) had increased ileum endogenous loss of both essential and non-essential amino acids compared with the lower cellulose diet (2.5%). Cellulose significantly decreased Thr prececal digestibility, but Met, Lys, Val, or Ile digestibility was similar when compared with birds fed the low cellulose diet. Threonine (703 mg/kg of dry matter intake (DMI)) and Gly (1,093 mg/kg of DMI) were reported to have the highest estimates for endogenous losses, whereas Met (168 mg/kg of DMI) had the lowest amount of endogenous loss of both essential and non-essential AA. Moreover, Parsons et al. (1983) reported an 31% increase in AA excretion with roosters fed high fiber diets (25% corn starch, 25% glucose, and 25% raw potato starch; 17.5% cellulose, and 7.5% pectin) compared with roosters fed the low fiber diet (50% corn starch, 45% glucose, and 5% cellulose). These data infer that poorly digestible carbohydrates may contribute to increased endogenous AA losses, which may be due to sloughing of cells from the intestinal lining (Beames and Eggum, 1981) .
In the current research, the experimental diets contained 76% DDGS to maintain a 20% CP content as dietary CP/AA content is known to influence endogenous AA flow (Adedokun et al., 2011) . The fiber content in the experimental diets was higher than commercial diets so the estimated digestible AA for DDGS may be lower than when DDGS is used in commercial practice so caution should be used when interpreting these results. However, the amount of DDGS used was constant across all experimental diets and relative differences in AA digestibilities were observed. Moderate-DDGS displayed higher numerical concentrations of NDF, ADF, and total dietary fiber compared with H-DDGS, but numerical differences were relatively small with L-DDGS vs. H-DDGS.
These data indicated that the reduction in AA digestibility could be partially due to the extraction process. Further research is warranted to determine if the extracting process is contributing to the reduction in AA digestibility associated with L-DDGS and M-DDGS.
